Abstract. The dielectric elastomer generator (VHB 4905, 3M) with diaphragm configuration was investigated with the constant-voltage harvesting scheme in order to investigate its energy harvesting ability.
Introduction
As one kind of electroactive polymers, the dielectric elastomer (DE) possesses some unique properties, such as extraordinarily large strain, excellent flexibility and high response speed [1] . Thus, the DE shows great promise as electromechanical transducer, which is able to convert energy between the mechanical energy and the electrical energy [2, 3] . When applied as power generators, the DE is able to harvest electricity from various environmental resources, such as the ocean waves, wind, and human activity, which provides a new strategy to acquire clean and renewable source of energy [4, 5] . Compared with other competing power generation technologies, the energy density of dielectric elastomer generator (DEG) shows great advantages, which is more than two orders of magnitude higher than electromagnetics and piezoelectric ceramics [1] .
For decades, numerous prototypes adopting different DE materials and various harvesting circuits and schemes have been developed. Huang et al. [6] reported that the energy density of acrylic dielectric elastomer within a single harvesting cycle can be as high as 560 J/kg adopting the equi-biaxial stretching method with the constantvoltage energy harvesting strategy. Later, Shian et al. [7] optimized the electromechanical cycle of DEG with a "triangle" harvesting strategy, which boosted the energy density of dielectric elastomer to 780 J/kg. Even though the maximum energy density is expected to be achieved with equi-biaxial loading strategy in the laboratory, the complex mechanical structure confined its large-scale applications. In contrast, the diaphragm configuration is widely adopted in real applications due to its simple structure and easy installation. However, the research on the diaphragm configuration of DEG with constantvoltage scheme is very few and far between.
In this work, the performance of DEG with diaphragm configuration was investigated adopting the constantvoltage scheme. Then, the energy density and energy conversion efficiency of DEG were analyzed. Finally, strategies for optimizing the performance of diaphragm DEG was discussed.
Experimental methods

Specimen preparation
The acrylic elastomer VHB 4905 (3M) with a thickness of 0.5 mm was used for the investigation, and carbon conductive grease was painted on both sides to serve as compliant electrodes. The initial diameter D0 of the VHB 4905 film was 12 cm, and then the film was equibiaxially MATEC Web of Conferences 192, 01032 (2018) https://doi.org/10.1051/matecconf/201819201032 ICEAST 2018 pre-stretched by a ratio (D1/D0) of 2 before attached to the rigid plastic plates. The schematic of the diaphragm specimen is shown in Fig. 1 . Fig.1 Schematic of the diaphragm specimen.
The energy harvesting scheme
The constant-voltage scheme was adopted in this work. 
Mechanical loading configuration
The tests were operated on a self-made testing bench. The stretching of the DE film was accomplished by the motion of a linear servo-motor (GLM20AP, THK) installed with a force sensor (Minebea Co., Ltd.). A multichannel voltmeter (National Instruments) was used to measure the voltages and currents in the circuit. All the data acquisition and the motion of the servo-motors were accomplished with the LabVIEW software.
Results and discussions
The servo-motor position (S), the force applied by the linear motor (F), the DE voltage (UDE), the charging current The energy density of each cycle is shown in Fig. 6 . It can be seen that the average energy density is 58±6 J/kg, and the maximum energy density is 65 J/kg. The corresponding average power and the maximum power is calculated to be 14.5±1.5 W/kg and 16.3 W/kg, respectively. It should be noted that the power of the DEG should be further improved when the moving velocity of the motor increases. It is found that the energy density decreased after two harvesting cycles, which is due to the loss of tension of DE. It should be noted that in this work, the DE was stretched to approaching its strain limit in order to investigate its maximum energy harvesting ability, while in the actual application with long-term operation, the stretch ratio of the DE was much smaller than its strain limit, and the energy conversion efficiency will not be significantly affected by the increase of the harvesting cycle.
Fig. 7
The force applied by the linear motor versus the servomotor position. The relationship between the force applied to stretch dielectric elastomer film and the displacement of linear motor is shown in Fig. 7 . It can be seen that during the relaxation process of the DE, the force decreased to be zero when the motor is at the position of 9 cm. Thus, the DE can not relax to the initial state due to the loss of tension within a small motor displacement range, which is caused by the viscosity of the acrylic elastomer. This effect is also evident in Fig. 4 , where a delay can be detected between harvesting electric current shut-off and the start of the following harvesting cycle. The mechanical energy dissipation, ΔEmech, can be calculated based on the area enclosed by the force-displacement plot in Fig. 7 . The mechanical dissipation in each cycle is shown in Fig. 8 . It 
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